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(54) Water recovery for a 1uel cell system 

(57) A fuel cell system (1 0). in particular for mobile 
applications, is disclosed. A fuel cell stack (24) is in fluid 
communication with a reformer (22). An air conditioning 
system (50) Js in fluid communication with the reformer 
(22). During operation, the air conditioning system pro- 



FIG. 2 



duces a condensate that is collected and directed to the 
reformer. The condensate may also be used for hydrat- 
tng a proton exchange membrane in a PEM fuel ceJJ. 
The water management of the fuel cell system Is thus 
Improved. Methods of making and using a fuel cell sys- 
tem (10) are also disclosed. 
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Description 

BACKGROUND 

[0001 ] A fuel eel! !s an energy conversion device that 
generates electricity and heat by eleclrochemically 
combining a gaseous fuel, such as hydrogen, carbon 
monoxide, or a hydrocarbon, and an oxidant, such as 
air or oxygen, across an ion-conducting electrolyte. The 
fuel cell converts chemical energy into electrical energy. 
A fuel cell generally consists of two electrodes posi- 
tioned on opposite sides of an electrolyte. The oxidant 
passes over the oxygen electrode (cathode) while the 
fuel passes over the fuel electrode (anode), generating 
electricity, water, and heat. There are several types of 
fuel cells, including proton exchange membrane (PEM) 
fuel cells and solid oxide fuel cells (SOFC). 
[0002] In a typical SOFC, a fuel flows to the anode 
where it is oxidized by oxygen Ions from the electrolyte, 
producing electrons that are released to the externa! cir- 
cuit, and mostly water and carbon dioxide areremoved 
in the fuel flow stream. At the cathode, the oxidant ac- 
cepts electrons from the external circuit to form oxygen 
ions. The oxygen ions migrate across the electrolyte to 
the anode. The flow of electrons through the external 
circuit provides for consumable or slorable electricity. 
However, each Individual electrochemical cell gener- 
ates a relatively small voltage. Higher voltages are at- 
tained by electrically connecting a plurality of electro- 
chemical ceils in series to form a stack. 
[0003] The fuel cell stack also includes conduits or 
manifolds to allow passage of the fuel and oxidant Into 
and byproducts, as well as excess fuel and oxidant, out 
of the stack. Generally, oxidant is fed to the structure 
from a manifold located on one side of the stack, while 
fuel is provided from a manifold located on an adjacent 
side of the stack. The fuel and oxidant are generally 
pumped through the manifolds and introduced to a flow 
field disposed adjacent to the appropriate electrode. 
The flow fields that direct the fuel and oxidant to the re- 
spective electrodes, typically create oxidant and fuel 
flows across the electrodes that are perpendicular to 
one another. 

[0004] The long term successful operation of a fuel 
eel! depends primarily on maintaining structural and 
chemical stability of fuel ceU components during steady 
state conditions, as well as transient operating condi- 
tions such as cold startups and emergency shut downs. 
The support systems are required to store and control 
the luel, compress and control the oxidant and provide 
thermal energy management. A fuel cell can be used In 
conjunction with a reformer that converts a fuel to hy- 
drogen and carbon monoxide (the reformate) usable by 
the fuel cell. Three types of reformer technologies are 
typically employed (steam reformers, dry reformers, and 
partial oxidation reformers) to convert hydrocarbon fuel 
(methane, propane, naturaJ gas. gasoiine, etc) to hydro- 
gen using water, carbon dioxide, and oxygen, respect- 



fully, w!ih byproducts including carbon dioxide, carbon 
monoxide, and water, accordingly. 
[0005] The fuel cell system Is dependent upon the 
reformate created. Steam processing of fuels Is efficient 
5 since it produces a greater amount of fuei per unit of 
pre-reformed fuel than the partial oxidation reformer. 
However, storage of water for supply to the fuel cell sys- 
tem requires a large amount of space, additional weight, • 
and time-consuming maintenance. 

10 

SUMMARY 

[0006] The drawbacks and disadvantages of the prior 
art are overcome by water recovery for a fuel cell sys- 
15 tern. 

[0007] A ruel cell system is disclosed. A fuel cell stack 
is In fluid communication with a reformer, which is in fluid 
communication with an air conditioning system. 
[0006] A method of making a fuel cell system is also 
20 disclosed. The method comprises disposing a reformer 
In fluid communication with a fuel cell stack and dispos- 
ing an air conditioning system in fluid communication 
with the reformer. 

[0009] A method of using a fuel cell system is also dis- 
ss closed. The condensate from an air conditioning system 
is directed to a reformer. The reformer Is operated to 
produce a reformate and the reformate is utilized In a 
fuel cell stack to produce electricity. 
[0010] A fuel cell system is disclosed. The fuel cell 
30 system comprises a means for producing electricity 
from a reformate, a means for producing the reformate 
from a condensate, and a means for producing the con- 
densate from air. 

[0011] A fuel cell system is disclosed. The fuel cell 
3* system comprises a proton exchange membrane fuel 
cell stack and an air conditioning system in fluid com- 
munication with the proton exchange membrane fuel 
cell stack. 

[0012] A method of using a fuel cell system is dls- 
40 closed. The method comprises producing a condensate 
in an air conditioning system and hydrating a proton ex- 
change membrane fuel cell with at least a portion of the 
condensate. 

[0013] The above described and other features are 
« exemplified by the following figures and detailed de- 
scription. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so [001 4] Referring now to the figures, wherein like ele- 
ments are numbered alike in the several figures: 

Figure 1 is a schematic of an exemplary fuel cell 
system; 

55 Fkjure 2 is a schematic of an exemplary fuel cell 
system incorporating recovery ot water from the air 
conditioning system through a reservoir; and 
Figure 3 is a schematic of an exemplary fuel cefl 
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system incorporating recovery of water from the air 
conditioning system. 

DETAILED DESCRIPTION 

5 

[0015] A fuel cell system may be utilized with an en- 
gine to operate a vehicle. The power created from the 
engine and the fuel cell can propel a vehicle, as well as 
providing electricity and heal for the auxiliary systems. 
The created electricity can be provided to an aircondi- 10 
tioning system for climate cc-rrtrol In the vehicle. The air 
conditioning system, in turn, creates water as a byprod- 
uct, which can be recovered for use in the reformer of 
the fuel ceil system. . 

[001 6] G enerally. a luel celJ system may comprise at 1* 
least one fuel ceil (preferably, SOFC or PEM), an en- 
gine, one or more heat exchangers, and optionally, one 
or more compressors, an exhaust turbine, a catalytic 
converter, preheating device, plasmatron, electrical 
source (e.g., battery, capacitor, motor/generator, tur- so 
bine, and the like, as well as combinations comprising 
at least one of the foregoing electrical sources), and 
conventional connections, wiring, control valves, and a 
multiplicity of electrical loads, including, but not limited 
to. lights, resistive heaters, blowers, air conditioning 25 
compressors, starter motors, traction motors, computer 
systems, radio/stereo systems, and a multiplicity of sen- 
sors and actuators, end the like, as well as conventional 
components. 

[0O1 7] The recovery of water for a fuel cell system da- so 
scribed herein utilizes a SOFC system, although any fu- 
el cell system, Including SOFC systems and PEM fuel 
cell systems, can be used. Referring now to Figure 1 , a 
fuel cell system 10 is schematically depicted. The fuel 
cell system 10 comprises a fuel ceB stack 24, preferably 35 
contained within an enclosure 20 for thermal manage- 
ment (also referred to as a "hot box"). The fuel cell stack 
24, which may also comprise a plurality of modular fuel 
cell stacks, is generally coupled to a fuel (or reformate) 
inlet 34. an exterior air (or oxidant) supply inlet 32, and 4C 
a heated air (or oxidant) supply inlet 33. 
[001 8] To facilitate the reaction in the fuel cell, a direct 
supply of luel, such as hydrogen, carbon monoxide, or 
methane, is preferred. However, concentrated supplies 
of these fuels are generally expensive and difficult to *s 
supply. Therefore, the specific fuel can be supplied by 
processing a more complex source of the fuel. The fuei 
utilized in the system Is typically chosen based upon the 
application, expense, availability, and environmental is- 
sues relating to the fuel. so 
[0019] Possible sources of fuel include conventional 
fuels such as hydrocarbon fuels, including, but not lim- 
ited to, conventional liquid fuets. such as gasofina, die- 
sel, ethanol, methanol, kerosene, and others: conven- 
tional gaseous fuels, such as natural gas, propane, bu- 55 
tane, and others; and alternative fuels, such as hydro- 
gen, biofuels, dimethyl ether, and others; and combina- 
tions comprising at least one of the foregoing fuels. The 



preferred fuel Is typically basecfupon the power density 
ol the engine, with lighter fuels, i.e. those which can be 
more readily vaporized and/or conventional fuels which 
are readily available to consumers, generally preferred. 
[0020} Located within the fuel cell system enclosure 
20, is the reformer system 22 that comprises a main re- 
former, and optionally, a micro-reformer. The reformer 
22 is provided with a fuel through a fuel inlet 30, an ex- 
terior air (or oxidant) inlet 32, and a water supply inlet 
35. The reformer system 22 can be therrnalfy isolated 
from the fuel cell stack 24 (I.e., a segmented enclosure, 
isolated enclosure, or the like). The processing or re- 
forming of hydrocarbon fuels, such as gasoline, Is com- 
pleted to provide an immediate fuel source for rapid start 
up of the fuel cell as well as protecting the fuel cell by 
removing Impurities. Fuel reforming can be used to con- 
vert a hydrocarbon (such as gasoline) or an oxygenated 
luel (such as methanol) Into hydrogen (H 2 ) and byprod- 
ucts (e.g., carbon monoxide (CO), carbon dioxide 
(COs). and water). Common approaches Include steam 
reforming, partial oxidation, and dry reforming. 
[0021] Steam reforming systems involve the use of a 
fuel and steam (HjO) that is reacted in heated tubes 
filled with catalysts to convert the hydrocarbons into 
principally hydrogen and carbon monoxide. An example 
of the steam reforming reaction is as follows: 

CH 4 + H 2 0 -> CO + 3H 2 

[0022] Partial oxidation reformers are based on sub- 
stoichiometric combustion to achieve the temperatures 
necessary to reform the hydrocarbon fuel. Decomposi- 
tion of the fuel to primarily hydrogen and carbon mon- 
oxide occurs through thermal reactions at high temper- 
atures of about 700»C to about 1 ,000°C. The heat re- 
quired to drive the reaction is typically supplied by burn- 
ing a portion of the fuel. Catalysts have been used with 
partial oxidation systems (catalytic partial oxidation) to 
promote conversion of various sulfur-free fuete, suchae 
ethanol, Into synthesis gas. The use of a cataryst can 
result In acceleration of the reforming reactions and can 
provide this effect at lower reaction temperatures than 
those that would otherwise be required In the absence 
of a catalyst An example of the partial oxidation reform- 
ing reaction is as follows: 

CH 4 + %O z -> CO + 2H 2 

[0023] Dry reforming Involves the creation of hydro- 
gen and carbon monoxide in the absence of water, for 
example using carbon dioxide. An example of the dry 
reforming reaction is depictsd In the following reaction: 

CH 4 +C0 2 -*2CO + 2H 2 
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[0024] The reformer system 22, preferably utilizing a 
steam reformer, creates a reformats 34 for use by the 
fuel cell system 24. The fuel cell system 24 uses this 
reformate 34 to create electrical energy 44 for harness- 
ing and waste byproducts; thermal energy, spentfunre- s 
acted fuel 36, and spent air 42. Thermal energy rrom the 
flow of spent/unreacted fuel 36 can optionally be recov- 
ered in a waste energy recovery system 26, which can 
recycle the flow of fuel 38 and waste heat combined with 
oxidant from an exterior air (or oxidant) inlet 32, to the 10 
fuel reformer 22 and can also discharge a flow of reac- 
tion products (e.g., water and carbon dioxide) 40 from 
the system. Alternatively, some or all of the spentAinre- 
acted fuel 36 may be introduced to an engine (not 
shown) or a turbine (not shown) for energy recovery. Ad- is 
ditf anally, un reacted oxygen and other air constituents 
42 are discharged from the fuel cell stack 24. U ttimately, 
electrical energy 44 is harnessed from the fuel cell for 
US8 by a motor vehicle (not shown) or other appropriate 
energy sink. 20 
[0025] As Indicated above, the preferred reformer 
system includes tha use of a steam reformer. A steam 
reformer is more efficient since it produces a greater 
amount of fuel per unit of pre-reformed fuel than the par- 
tial oxidation reformer. However, a steam reformer re- 25 
quires a source of water (i.e., steam) to produce the nec- 
essary reactions In creating a reformate. Conventional 
systems require that canisters of water be stored near 
the reformer. This requires much space and mainte- 
nance to ensure the proper amount of water Is available so 
to the system. 

[0026] To avoid the requirements of space and main- 
tenance, a possible source of water that can be har- 
nessed for use by the reformer is from the air condition- 
ing system. As part of the process of removing thermal « 
energy from the air, the air conditioning system con- 
denses water vapor from the air, collects it and dis- 
charges the water from the air conditioning system. As 
Illustrated in Figure 2, a flow of condensate 52 from the 
air conditioning system 50 can be directed to the reform- *o 
er system 22. This condensate can constitute ail, or at 
least a portion of the reformer's water suppfy. Preferably, 
condensate 52 from the air conditioning system 50 Is 
directed to a storage vessel or reservoir 54 for storage 
until the flow of condensate 56 is needed by the reformer 45 
system 22. The reservoir 54 can include a device tor 
purifying the condensate to at least partlaJly, or com- 
pletely, remove unnecessary components to improve its 
quality and purity. Such purification devices can include 
filters, deionfzers, and distillers and combinations com- 50 
prising at least one of the foregoing devices. In the al- 
ternative, the flow of condensate 52 can be directly con- 
nected to the reformer system 22, as illustrated in Figure 
3. 

[0027] The airconditioning system circulates a flow of 55 
warm moist air from outside the system with a blower. 
Moisture from the air is condensed on an evaporator in 
the air conditioning systBm creating water as a byprod- 



uct This water can be directed^ the fuel cell system 
reformer (See Figures 2 and 3). Although traditionally 
the primary function of the airconditioning system Is to 
provide cabin comfort, there may be an opportunity to 
enhance the production of condensate from the aircon- 
ditioning system for use by thB reformer. In order to pro- 
vide an ample water supply for the reformer, the mass 
flow rate of warm moist air from outside flowing through 
the evaporator can be biased (either higher or lower) 
thereby accommodating both the cabin comfort and re- 
former condensate requirements. This can be accom- 
plished by adjusting the speed of the blower In the air 
conditioning system and/or varying the air distribution 
and temperature control vatves. Additionally, in order to 
optimize the production of condensate from the aircon- 
ditioning system, sensors and electronic controls could 
be utilized that would determine a reservoir water level 
(indicative of the desired condensate level), an ambient 
air temperature and humidity level (Indicative of the po- 
tential for condensate generation), and a cabin temper- 
ature and humidity level (indicative of the level of cabin 
comfort) that when interpreted, could allow for the air 
control biases described above. This would, in turn, pro- 
duce more or less condensate as the cabin comfort sys- 
tem allows, th e reformer system needs, and the ambient 
air allows. In other words, the amount of condensate 
produced can be controlled to enable the maintenance 
of a sufficient water reservoir for use in the reformer; 
[0028] In a case where a sufficient supply of water is 
not provided by the air conditioning system and/or dur- 
ing system start-up, the reformer system can be oper- 
ated utilizing a partial oxidation reaction process. Em- 
ployment of the partial oxidation process eliminates the 
need for water in the production of reformate, while pro- 
ducing heat capabJe of bringing the fuel cell up to the 
desired temperature. Alternatively, some or all of the wa- 
ter produced in the fuel cell can be directed for use in 
the reformer. Thereby, supplying the reformer with water 
until the flow of water from the air conditioning system 
Is restored. 

[0029] During operation, the air conditioning system 
produces a condensate that Is captured and directed to 
the reformer. The reformer uses this suppfy of water in 
reforming various types of fuel to produce a reformate, 
i.e., fuel for a fuei cell. The reformate is then utilized by 
the fuel ceil stack in its production of electricity. 
[0C30] In an alternative process, the reformer can be 
by-passed, with at least a portion of afl of the con densate 
from the air conditioning system utilized in a PEM fuel 
cell system, e.g., as the water management Water is 
utilized by a PEM fuel cell for hydrating the anode and 
cathode input gases during the operation of the PEM 
fuel cell 

[0031] The use of water from the airconditioning sys- 
tem provides a more efficient source of water without 
requiring the owner to constantly maintain the levels of 
water required for the fuel cell system. Likewise, by sup- 
plying water from the air conditioning system system, 
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the requirement of storage space for water canisters is 
relieved. 

[0032] While preferred embodiments have been 
shown and described, various modif ications and substi- 
tutions may be made thereto without departing from the 
spirit and scope of the invention. Accordingly, It is to be 
understood that the present invention has been de- 
scrfred by way of Illustration onry, and such illustrations 
and embodiments as have been disclosed herein are 
not to be construed as limiting to the claims. 



Claims 

1. A fuei ceQ system (10), comprising: 

a fuel cell stack (24); 

a reformer (22) in fluid communication with said 
fuel cell stack (24); and 
an air conditioning system (50) in fluid commu- 
nication with said reformer (22). 

2. The fuel cell system (10) of Claim 1 , wherein said 
fuel cell stack (24) comprises solid oxide fuel cells. 

3. The fuel cell system (10) of Claim 1, wherein said 
fuel cell stack (24) comprises proton exchange 
membrane fuel cells. 

4. The fuel cell system (10) of Claim 1 , wherein said 
reformer (22) is a steam reformer and/or a partial 
oxidation reformer. 

5. The fueJ cell system (1 0) of Claim 1 , further com- 
prising a reservoir (54) in fluid communication with 
said air conditioning system (50) and said reformer 
(22). 

6. The fuel cell system (1 0) of Claim 5, wherein said 
reservoir (54) lurther comprises treating said con- 
densate (52) with a device selected from the group 
consisting of filters, delonlzers, distillers, and com- 
binations comprising at least one of the foregoing 
devices. 

7. A method of making a fuel cell system (10), com- 
prising: 

• disposing a reformer (22) In fluid communica- 
tion with a fuel cell stack (24); and 
disposing an air conditioning system (50) in flu- 
id communication with said reformer (22). 

8. The method of Claim 7, wherein said fuel cell stack 
(24) comprises solid oxide fuel cells. 

9. The method of Claim 7, wherein said fuel cell stack 
(24) comprises proton exchange membrane fuel 



cells. 

10. The method of Claim 7, further comprising dispos- 
ing a reservoir (54) in fluid communication with said 

5 air conditioning system (50) and said reformer (22). 

11. The method of Claim 10, further comprising purify- 
ing said condensate (52) in said reservoir (54). 

10 12. The method of Claim 7, wherein said reformer (22) 
is a steam reformer and/or a partial oxidation re- 
former. 

13. A method of using a fuel cell system (10), compris- 
es ing: 

directing a condensate (52) from an air condi- 
tioning system (50) to a reformer (22); 
producing a reform ate (34) In said reformer 
so (22); and 

utilizing said reformate (34) in a fuel cell stack 
(24) to produce electricity. 

14. The method of Claim 13, wherein said fuel cell stack 
2* (24) comprises solid oxide fuel celts. 

1 5. The method of Claim 1 3. wherein said fuel cell stack 
(24) comprises proton exchange membrane fuel 
cells. 

30 

1 6. The method of Claim 1 3, wherein said reformer (22) 
is a steam reformer and/or a partial oxidation re- 
former. 

35 17. The method of Claim 13, further comprising collect- 
ing said condensate (52) In a reservoir (54) dis- 
posed between said reformer (22) and said air con- 
ditioning system (50). 

40 18. The method of Claim 15, further comprising purify- 
ing said condensate (52) in said reservoir (54). 

19. The method of Claim 1 3, further comprising control- 
ling said air conditioning system (50) to optimize 

45 production of said condensate (52). 

20. The method of Claim 19, further comprising adjust- 
ing a now of air Into said air conditioning system 
(50). 

50 

21. The method of Claim 19. further comprising adjust- 
ing a speed of a blower in said air conditioning sys- 
tem (50). 

ss 22. A fuel cell system (10), comprising: 

a means for producing electricity (24) from a 
reformate (34); 
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a moans for producing (22) said reformats (34) 
from a condensate (52); and 
a means for producing (50) said condensate 
(52) from air. 

5 

23. The fuel cell system (1 0) of Claim 20, wherein said 
reformer (22) Is a steam reformer and/or a partial 
oxidation reformer. 

24. The fuel cell system (1 0) of Claim 20, further com- to 
prising a means for storing (54) said condensate 
(52) disposed in fluid communication with said 
mefins.f or producing (22) reformat© (34). 

25. The fuel cell system (1 0) of Claim 20, wherein said 15 
means for storing (54) condensate (52) comprises 

a means for purifying said condensate (52). 

26. A fuel cell system (10), comprising: 

20 

a proton exchange membrane fuel cell stack 
(24); and 

an air conditioning system (50) in lluid commu- 
nication with said proton exchange membrane 
fuel ceil stack (24). 25 

27. The fuel cell system (10) of Claim 26, further com- 
prising a reservoir (54) In fluid communication with 
said air conditioning system (50) and said proton 
exchange membrane fuel cell stack (24). 30 

28. The fuel ceil system (10) of Claim 27, wherein said 
reservoir (54) further comprises treating said con- 
densate (52) with a device selected from the group 
consisting of filters, deionizers, distillers, and com- 3? 
binations comprising at least one of the foregoing 
devices. 

29. A method of using a fuel cell system (10), compris- 
ing: 40 

producing a condensate^) in an afr condition- 
ing system (50); and hydrating a proton ex- 
change membrane fuel cell (24) with at least a 
portion of said condensate (52). 45 



50 



55 
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